Background: The cancer risk associated with gastric non-invasive neoplasia (formerly dysplasia) is debated. This prospective long term follow up study investigates the clinicopathological behaviour of non-invasive gastric neoplasia (and related lesions), focusing on the cancer risk associated with each different histological phenotype. Patients and methods: A total of 118 consecutive cases (nine indefinite for non-invasive neoplasia; 90 low grade non-invasive neoplasia; 16 high grade non-invasive neoplasia; and three suspicious for invasive adenocarcinoma) with a histological follow up of more than 12 months (average 52 months; range 12-206) were prospectively followed up with a standardised protocol. Patients in whom gastric cancer was detected within 12 months from the initial diagnosis of non-invasive neoplasia were excluded, assuming that invasive carcinoma had been missed at the initial endoscopy procedure. Results: Non-invasive neoplasia was no longer detectable in 57/118 cases (48%), was unchanged in 32 (30%), and evolved into gastric cancer in 20 patients (17%). Evolution to invasive adenocarcinoma was documented in both low and high grade non-invasive neoplastic lesions (8/90 low grade; 11/16 high grade) and correlated with histological severity (low versus high grade) at baseline (p<0.001). Seventy five per cent of cancers occurring during the long term follow up were stage I. Conclusions: The risk of invasive gastric cancer increases with the histological grade of the non-invasive neoplasia. Following up non-invasive gastric neoplasia increases the likelihood of gastric cancer being detected in its early stages.
I
nvasive cancer is the final step in a cascade of morphological changes which have been defined as multistep oncogenesis. 1 2 This process includes a continuum of progressively dedifferentiated phenotypes, which may result in a new (that is, νe′ω ′ =neo) cell characterised by a biologically deregulated, potentially metastatic growth (that is, πλαζω ′ =plasia). According to the definition of the World Health Organization, 3 non-invasive gastric neoplasia (formerly dysplasia [3] [4] [5] [6] [7] [8] ) indicates a "pre-invasive neoplastic change" of the gastric glands, and therefore its clinicopathological characterisation has important implications for both primary and secondary gastric cancer (GC) prevention.
Several different terms have been used for non-invasive neoplasia arising in the gastric mucosa. Irrespective of the terminology used, numerous studies have revealed the existence of a remarkable interobserver variation in the histological assessment of non-invasive neoplasia. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The whole histological spectrum of gastric precancerous lesions has recently been revisited and the diagnostic criteria extensively described. 15 Tested among members of an international group of specialised pathologists, the proposed classification has demonstrated a significant interobserver diagnostic consistency. 15 This long term, prospective, follow up study aimed to describe the pathological outcome of histological lesions belonging to the spectrum of gastric non-invasive neoplasia, also focusing on the relationship between such morphological alterations and the onset of invasive cancer.
PATIENTS AND METHODS

Patients
In 1985-1986, an Interdisciplinary Group was established by various centres in the northeast of Italy to perform a prospective study on the clinicopathological outcome of gastric non-invasive neoplasia. [16] [17] [18] Any patient in whom non-invasive neoplasia was histologically diagnosed at gastric endoscopy was asked to join a follow up protocol, based on the histological typing of the lesion. In accordance with the aims of the study, patients who had previously undergone surgical or endoscopic treatments for gastric neoplasms were ruled out.
Focusing on the long term follow up of non-invasive neoplastic lesions, the present report did not consider patients with a follow up of less than 12 months-that is, (i) patients who failed to comply with the follow up protocol; (ii) patients who were diagnosed as having stomach cancer within 12 months of the initial diagnosis of non-invasive neoplasia (or related lesions); and (iii) patients enrolled in the study (which is still underway) who have been followed up for less than a year. Figure 1 shows the timing of the endoscopy procedures. From early 1987 to January 2001, a total of 161 consecutive patients were enrolled in the prospective study. This study only reports the clinicopathological outcome of 118 subjects with a follow up of more than12 months (mean 52; range 12-206): 67 were male (mean age 55 years, range 29-83) and 51 were female (mean age 58 years, range 32-79) (table 1). At the baseline endoscopy procedure, 72 patients had non-ulcer dyspepsia, while active gastric or duodenal ulcer was detected in 19/118 and 13/118 patients, respectively. Active peptic ulcer was detected in one patient at both the gastric and duodenal levels (table 1). The original clinical records did not report the baseline endoscopy findings in the remaining 13 cases (11%). After joining the study, even in the absence of any endoscopy abnormalities, all patients underwent standardised biopsy sampling of the gastric mucosa (fig 2) . Additional samples were always taken from any focal lesions (ulcer, mucosal flat abnormalities, and polyps). All patients had more than three endoscopic check ups (mean procedures per patient=9.1). During the prospective study, no patient had endoscopic mucosal resections (EMR) other than polypectomy (performed in one case of high grade non-invasive neoplasia detected within a polypoid lesion completely removed at endoscopy).
For ethical reasons, patients with two consecutive endoscopy procedures (both with extensive biopsy samplings and with a follow up never shorter than 12 months) consistently failing to detect non-invasive neoplasia were not asked to submit to further follow up; such cases were conventionally described as having regressed (see the conventional terminology extensively explained below).
In the absence of evidence based guidelines on the management of high grade non-invasive gastric neoplasia, each centre involved in the study was allowed to decide on the management of patients with high grade lesions.
Histological assessment
By definition, the histological diagnosis of non-invasive neoplasia was restricted to cases showing both altered glandular architecture and abnormalities in cytology and differentiation, but lacking any (even doubtful) infiltrating features. 3 15 The histological classification was based on serial sections of each biopsy sample (haematoxylin-eosin stain). The presence of Helicobacter pylori was ascertained microscopically (by modified Giemsa stain and/or immunostain; Dako monoclonal antibodies, Milan, Italy). According to the classification adopted, the diagnosis of "indefinite for non-invasive neoplasia" was appropriate when it was impossible to classify cases as either unequivocally negative or positive for non-invasive neoplasia. 3 15 19 To minimise interobserver variation, all biopsies were evaluated by the same coordinating pathologist (MR). Tested in a random sample of 50 biopsies, the intraobserver diagnostic consistency, calculated by K statistics, was 0.78.
Conventional definitions of non-invasive neoplasia outcome
Excluding any reference to the biological behaviour of the lesion, a conventional nomenclature was used to describe the clinicopathological outcome of non-invasive neoplasia.
Regression. In at least two subsequent tests, non-invasive neoplasia was either no longer detected or always found to a lesser degree. Even in the context of an extensive sampling protocol, repeated sampling defects cannot be ruled out entirely however. Indeed, this remains a structural limit of the present study, in common with other endoscopic follow up studies dealing with gastric precancerous lesions. In fact, such lesions generally lack the polypoid appearance that represents the most suitable marker of precancerous changes in the large bowel district. In addition, the likelihood of small foci of noninvasive neoplasia being removed at the initial biopsy cannot be entirely ruled out. To minimise the risk of focal abnormalities being overlooked during the follow up, the definition of "regression" of low grade non-invasive neoplasia strictly required both: (i) at least two "negative" endoscopic check ups and (ii) a follow up of at least 12 months after the first negative biopsy test. Regression from high grade to low grade noninvasive neoplasia (or to absence of non-invasive neoplasia) was defined consistently.
Persistence. No changes in the grade of non-invasive neoplasia assessed in two subsequent tests.
Progression. High grade non-invasive neoplasia (following a previous finding of a low grade lesion) or GC detected during follow up. Non-invasive neoplasia (both high and low grade) was assumed to evolve into invasive cancer when GC was histologically demonstrated no less than 12 months after the initial diagnosis of non-invasive neoplasia.
Gastric (invasive) carcinoma (GC) detected during follow up
This long term, prospective, follow up study only considered patients followed up for non-invasive neoplasia (or related lesions) for a period of more than 12 months. Consequently, patients were excluded whose invasive cancer was demonstrated within 12 months of the initial diagnosis of non-invasive neoplasia (or related lesions). 20 In designing this study, such "early detected GCs" were assumed to have been missed at the initial endoscopy and were regarded as non-informative on the long term clinicopathological outcome of the histological lesions considered in the study. Gastric adenocarcinoma detected during this long term follow up was distinguished as early (EGC) and advanced (AGC) on the basis of the pathological stage ascertained after surgery. 21 Histologically confirmed GC in patients who did not undergo surgery was defined as not otherwise specified (GC-nos).
Statistical methods
Frequency tables were analysed using Yates' corrected χ 2 and Pearson's χ 2 . The test for linear trend was used when appropriate. Clinicopathological outcome of non-invasive neoplasia (that is, low grade v high grade) was analysed using Life Tables (Kaplan-Meier method). The groups were compared using the Mantel-Cox test. Bio-Medical Data Processing software (BMDP; University of California, USA) was used for all calculations. A p value <0.05 was considered significant.
RESULTS
Outcome of cases indefinite for non-invasive neoplasia Among the nine patients (7.6%) enrolled with lesions indefinite for non-invasive neoplasia, follow up failed to detect any neoplastic non-invasive lesions in eight cases. In one patient, who was H pylori positive, check up endoscopy demonstrated low grade non-invasive neoplasia. After the diagnosis of low grade non-invasive neoplasia was established, this patient underwent H pylori eradication and was followed up for more than three years during which time no change occurred in the grade of the lesion. One patient with lesions indefinite for non-invasive neoplasia that were not associated with H pylori infection or intestinal metaplasia had a clinical history of non-steroidal anti-inflammatory drug intake and cytohistological atypia coexisting with microerosive gastritis. After two negative endoscopies/biopsies, the lesion was considered regressed. A new endoscopy check up, performed after more than two years, did not reveal histology lesions other than minimal interfoveolar inflammation (antral specimens).
Non-invasive neoplasia: histological grades, H pylori status, and overall outcome At the initial diagnosis, non-invasive neoplasia was judged to be low grade in 90 of 118 (76%) patients and high grade in 16 (14%). In three patients (2.5%), the initial diagnosis was high Figure 1 Follow up protocol. Lesions indefinite for non-invasive neoplasia were followed up as scheduled until the case was assigned to the non-neoplastic or neoplastic non-invasive category. Patients were considered disease free after two successive endoscopy/biopsy procedures consistently negative for non-invasive neoplasia. When the grade of the lesion was consistently lower than before in two successive tests (that is, "regression" from high grade to low grade), the patient was followed up in accordance with the recommendations for low grade non-invasive neoplasia. High grade lesions detected during the follow up of low grade non-invasive neoplasia were subsequently followed up as high grade lesions. baseline and its clinicopathological outcome-that is, the higher the grade, the higher the risk of progression and evolution into GC (test for linear trend: p<0.001).
Outcome of low grade non-invasive neoplasia Low grade non-invasive neoplasia regressed in 48/90 patients (53.3%) who were not asked to undergo any further follow up. Persistent low grade non-invasive neoplasia was recorded in 28 cases (31.1%) and progression to the higher grade was observed in six patients (6.6%). In eight cases (8.8%), low grade non-invasive lesions evolved into GC after a mean 48 months of follow up (range 21-85).
Outcome of high grade non-invasive neoplasia
During the long term follow up (mean 34 months; range 13-72), all but five cases of high grade lesions progressed to GC. Among the five cases that did not evolve into GC, four are still being followed up for high grade lesions while noninvasive neoplasia was no longer detected in one (6.2%); in this case of "regression", the high grade lesion lay within a pedunculated polyp, which was completely excised by endoscopy. After polypectomy, repeated endoscopies failed to detect any non-invasive neoplastic lesions in the context of atrophicmetaplastic gastritis. 22 The risk of developing into GC was significantly higher for high grade non-invasive neoplasia than for low grade lesions (p< 0.001) (fig 3) .
Outcome of high grade non-invasive neoplasia coexisting with suspected areas of invasion At enrolment, three cases were classified as high grade non-invasive neoplasia coexisting with suspected areas of invasive cancer. During the subsequent follow up, two of three cases were classified as high grade non-invasive neoplasia while an invasive GC was histologically demonstrated in one case.
Invasive adenocarcinoma in the long term follow up of non-invasive neoplasia Distinguishing early (EGC) from advanced (AGC) and not otherwise specified GCs (GC-nos), table 3 shows the evolution of gastric non-invasive neoplasia into invasive adenocarcinoma. Among the 20 cases of invasive cancer, 13 were pathologically staged as EGC (86.6%) while only two were staged as advanced (table 3) .
DISCUSSION
In countries other than Japan, the vast majority of GCs diagnosed are already in an advanced stage, with a five year survival rate lower than 20%. 23 24 In Japan, approximately half of GCs are detected at an early stage and surgical treatment results in 10 year survival rates higher than 85%. 25 The Japanese experience demonstrates that the early detection of GC dramatically improves its prognosis, and therefore it is worth asking whether there are potential clinical benefits in following up (and/or treating) high risk gastric precancerous lesions and non-invasive neoplasia in particular. [26] [27] [28] [29] [30] On the whole, this prospective study demonstrates that, during long term follow up, the clinicopathological outcome of a non-invasive gastric neoplasia correlates significantly with the grade of the lesion at presentation.
Indefinite for non-invasive neoplasia
The present results support both the biological heterogeneity of the phenotype "indefinite for non-invasive neoplasia" and the clinical usefulness of such a histological classification. 15 19 The indefinite for non-invasive neoplasia phenotype occurs most frequently in association with H pylori infection. In such cases, it might be speculated that any eradication therapy, by lowering the meta-inflammatory component of the regenerative epithelial changes, could result in a more suitable categorisation of the mucosal lesions. In the present series, in the only case of alterations indefinite for non-invasive neoplasia occurring in a H pylori negative patient, the lesions were no longer detected after stopping the patient's non-steroidal antiinflammatory drug intake.
Outcome of low grade non-invasive neoplasia
Low grade non-invasive neoplasia was the most prevalent (76%) of the non-invasive neoplastic lesions, although difficulties encountered in distinguishing low grade from regenerative (that is, inflammatory) lesions may result in an excessive use of the former diagnostic category. 30 31 Even when well codified diagnostic criteria are applied, the results of this study support the biological heterogeneity of the histological phenotype of low grade non-invasive neoplasia. In fact, while most low grade lesions were not confirmed at subsequent check ups, a minority persisted or progressed to high grade lesions or GC during a follow up of more than two years. Eight cases of evolution into adenocarcinoma were observed (with a mean follow up longer than three years), which supports the cost effectiveness of a follow up strategy in all cases of low grade non-invasive neoplasia.
Outcome of high grade non-invasive neoplasia High grade non-invasive neoplasia requires both high grade cytoarchitectural atypia and the absence of any histological evidence of stromal invasion. Data provided in the literature are difficult to compare with the findings of the present study for two reasons: (1) in grading gastric non-invasive neoplasia, most of the published studies adopted a three tiered scale (that is, mild, moderate, severe); (2) to the best of our knowledge, no such prospective long term follow up studies have been published. The prevalence of the invasive evolution of moderate dysplasia has been shown to be lower than 10%, [32] [33] [34] [35] with the significant exception reported by Fertitta et al, who recorded a progression to GC in 7 of 21 cases. 36 In previously published studies, regression of moderate dysplasia ranged between 27% and 60% of cases, 36 37 but these studies provide incomplete follow up information on patients whose dysplastic lesion was subsequently no longer detectable. Recently, Kokkola et al reported on eight cases (57%) of regression in a series of 14 patients enrolled with moderate dysplasia. 38 It is worth noting however that in three cases this regression was due to the endoscopic resection of the polyps in which the dysplasia had been identified.
Data in the literature demonstrate that, in the majority of cases, severe dysplasia either coexists with or is a precursor of GC. 17 35 38-42 This would justify the ablation of lesions by traditional surgery or EMR. 26 In our experience, high grade non-invasive neoplasia never regressed (except for the case in which the lesion was located in a pedunculated polyp, which had been completely removed at endoscopy) and we consider this as convincing evidence to support surgical treatment (or EMR where possible and/or available) for all high grade non-invasive neoplastic lesions.
Non-invasive neoplasia and invasive GC All 118 patients enrolled in our study were followed up for a period ranging from 12 to 206 months (mean 52 months), during which time 20 GCs were detected. The time elapsing between enrolment and diagnosis of invasive adenocarcinoma in these case ranged between 17 and 80 months, a period consistent with the biological evolution from a non-invasive to an invasive neoplasm. In 13/20 cases (65%), the pathological stage ascertained after surgery was stage l (that is, EGC). Setting aside the cases of GC whose pathological stage could not be determined, the prevalence of cancers detected in the early stage was 86%.
In conclusion, this prospective, long term, follow up study demonstrates the precancerous significance of non-invasive gastric neoplasia, its frequent association with H pylori infection, and the higher risk of progression to cancer associated with high grade lesions. Our results support both (i) the advisability of resective treatment (EMR or surgery) of any confirmed high grade non-invasive neoplasia and (ii) the biological rationale of following up low grade lesions. When lesions indefinite for non-invasive neoplasia coexist with H pylori infection, eradication therapy and endoscopy follow up could result in a more suitable histological assessment of the lesion. Finally, our data suggest that an appropriate endoscopy follow up of non-invasive neoplasia increases the likelihood of GC being detected in its early, potentially curable, stage. 
